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(54) Apparatus with an optical functional device having a special wiring electrode and method 
for fabricating the same 



(57) An apparatus with an optical functional device 
includes a first substrate (1,51, 201 , 271 ), a first optical 
functional device with a functional portion (8, 208 ) pro- 
vided on the first substrate, a first wiring electrode (6, 
1 06, 206) for injecting a current into or applying a voltage 
to the functional portion of the first optical functional de- 
vice, a second substrate (10, 71, 110, 160, 170, 180, 
210, 250, 260), and a second wiring electrode (12, 68, 
72, 81 , 1 12, 21 3). The first wiring electrode (6, 1 06, 206) 
is formed on the first substrate (1, 51, 201, 271) and 
includes a first portion electrically connected to the func- 



tional portion (8, 208 ), a first extension portion extend- 
ing from the first portion to an outside of the functional 
portion and a first pad portion connected to the exten- 
sion portion outside the functional portion, and the sec- 
ond wiring electrode (1 2, 68, 72, 81, 112, 21 3) is formed 
on the second substrate (10, 71, 110, 160, 170, 180, 
210, 250, 260) and includes a second pad portion and 
a second extension portion extending from the second 
pad portion. The first substrate and the second sub- 
strate are bonded to each other with the first pad portion 
and the second pad portion being electrically connected 
to each other 



FIG.7 
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Description 

BACKGROUND OF THE INVENTION 
Field of the Invention 

[0001] The present invention relates to an apparatus 
with an optical functional device having a special wiring 
electrode, such as a surface emitting semiconductor de- 
vice or a light receiving device, whose fabrication is 
easy, whose yield is high, and which can be suitably con- 
structed as a two-dimensional array or the like. This in- 
vention also relates to a fabrication method of the above 
apparatus and apparatuses using the above apparatus, 
such as an optical transceiver apparatus, an optical in- 
terconnection apparatus and an optical recording appa- 
ratus. 



Related Background Art 

[0002] Recently, development of a solid-state light 
emitting device of a two-dimensional array type has 
been desired for purposes of its applications to a large- 
capacity parallel optical information processing, a high- 
speed optical connection, a high-speed optical record- 
ing and a panel-type display apparatus. Low cost, low 
consumption of an electric power, high productivity, and 
high reliability are required to achieve those applica- 
tions. A variety of materials for such a solid-state surface 
emitting device have been studied and developed. It has 
been found that single-crystal semiconductors are no- 
tably suitable for reliability. In particular, development of 
a surface emitting device using compound semiconduc- 
tors has been energetically advanced. 
[0003] Among light emitting devices, a laser diode 
(LD) including reflection mirrors at its opposite ends is 
quite excellent in a light emitting efficiency, compared to 
devices using spontaneous emission. Therefore, the 
electric power consumption can be greatly lowered 
when those LDs are arranged in a two-dimensional 
form. In light of these facts, development of a VCSEL 
(vertical cavity surface emitting laser) has been actively 
advanced in recent years. 

[0004] With the VCSEL, devices have been devel- 
oped over a range from a blue color at a wavelength of 
about 400 nm to a communication wavelength band of 
1.55 jim. Studies have been made in material series, 
such as AIGaN/lnGaN series on a sapphire substrate, 
InGaAIP/lnAlP and InGaAs/AIGaAs series on a GaAs 
substrate, and InGaAs/lnGaAsP series on an InP sub- 
strate. 

[0005] A fundamental structure of the two-dimension- 
al arrayed VCSELs is illustrated in Fig. 1. Laser light is 
emitted perpendicularly to a substrate 1001. Each de- 
vice is provided with highly-reflective coatings 1 002 and 
1004 of over 99% reflectivity at opposite ends of epitax- 
ially-grown layers with a thickness of about several mi- 
crons. A multiplicity of alternately-layered layers with dif- 



ferent refractive indices and a common A/4 thickness 
are used as the reflective mirror. The materials are gen- 
erally dielectric or epitaxially-grown semiconductors 
(see, for example, an AlAs/GaAs mirror as disclosed in 
s ELECTRONICS LETTERS, 31, p.560 (1995). 

[0006] Regarding other elements shown in Fig. 1 , ref- 
erence numeral 1003 designates an active layer, refer- 
ence numeral 1005 designates an insulating layer, ref- 
erence numeral 1006 designates an electrode on the 
io epitaxial layers, reference numeral 1007 designates a 
laser functional portion, reference numeral 1008 desig- 
nates an electrode on the laser substrate side, reference 
numeral 1 009 designates a burying layer, reference nu- 
meral 1010 designates a window region formed in the 
'5 electrode 1006, and reference numeral 1011 designates 
a laser cavity. 

[0007] Several mounting or packaging methods of the 
VCSEL have also been proposed so far. Japanese Pat- 
ent Laid-Open No. 8-186326 (1996), for example, dis- 
20 closes a mounting method in which the laser is thermally 
and electrically connected to a package and heat-sink 
substrate that is transparent to laser light, as illustrated 
in Fig. 2. In this case, a wiring electrode is formed on a 
portion of the heat sink corresponding to a portion of the 
25 VCSEL, and the electric connection is achieved by a sol- 
der heating or an ultrasonic-wave bonding between Au 
portions at the VCSEL portion. 
[0008] In Fig. 2, reference numeral 1110 designates 
a resin mold body, reference numeral 1111 designates 
30 a laser electrode, reference numeral 1112 designates a 
laser substrate, reference numerals 111 3 and Undes- 
ignate reflective layers, reference numerals 1114 and 
1116 designate cladding layers, reference numeral 1115 
designates an active layer, reference numeral 1118 des- 
3S ignates a current blocking layer, reference numeral 1119 
designates a contact layer, reference numeral 1 1 20 des- 
ignates a package window (also referred to, herein, as 
a heat sink window), and reference numeral 1121 des- 
ignates an electrode on the package window side. 
40 [0009] Further, Japanese Patent Laid-Open No. 
6-237016 (1994) discloses another mounting method in 
which a wiring electrode is formed on a substrate 1201 
with an electronic circuit, the wiring electrode is electri- 
cally connected to a VCSEL 1203 and an optical fiber 
4* 1 2 1 0 is inserted into a hole formed in a VCSEL substrate 
1202. Herein, a transistor 1204 is arranged under the 
VCSEL 1 203, and a cathode of the VCSEL 1 203 is con- 
nected to a collector of the transistor 1204 as illustrated 
in Fig. 3. 

so [0010] Regarding other elements shown in Fig. 3, ref- 
erence numeral 1205 designates an emitter electrode, 
reference numeral 1206 designates a base electrode, 
reference numeral 1207 designates an anode elec- 
trode, reference numeral 1208 designates an insulating 

ss layer, reference numeral 1 209 designates a guide hole, 
and reference numeral 1211 designates an adhesive. 
[0011] Further, Japanese Patent Laid-Open No. 
9-1 5459 (1 997) discloses a mounting method of arrayed 
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VCSELs in which a wiring 1304 is formed on a support 
substrate 1 305 and the wiring 1 304 is connected to each 
VCSEL 1302 as illustrated in Fig. 4. 
[0012] In Fig. 4, reference numeral 1301 designates 
a semiconductor substrate, reference numeral 1303 
designates a guide for an optical fiber, reference numer- 
al 1306 designates an optical fiber tape, reference nu- 
meral 1 307 designates a core of the fiber, reference nu- 
meral 1308 designates a clad of the fiber, reference nu- 
meral 1309 designates a core wire of the optical fiber, 
reference numeral 1310 designates a coating material, 
reference numeral 1311 designates a light beam, and 
reference numeral 1312 designates a length of an ex- 
posed portion of the core wire 1 309 of the optical fiber. 
[0013] In those prior art mounting methods, VCSELs 
with an electrode pad formed on an upper surface (i.e., 
a surface of epitaxial layers) of each VCSEL are bonded 
to a wiring substrate with an electrode pad correspond- 
ing to each VCSEL while electrical connections between 
pairs of these pads are maintained. In such mounting 
methods, however, an alignment precision is required 
when the pads on the VCSEL and the wiring substrate 
are bonded, especially where the density of a two<Ji- 
mensional array of VCSELs is great or where the elec- 
trode pad is made small to secure a preferable rapid re- 
sponse. The reason therefor is that the pads must be 
precisely positioned and in addition thereto the align- 
ment and bonding must be performed such that the pad 
would not be brought into contact with other wirings on 
the wiring substrate. As the density increases, such un- 
desired contact is more likely to occur since a number 
of wirings are formed between the pads. Accordingly, in 
such methods wherein mutually-bonding faces cannot 
be directly monitored, the alignment is difficult to 
achieve and yield and productivity decrease. 
[0014] Further, the uses of solder to perform bonding 
cause several problems. For example, the melted solder 
flows into a window through which laser light emerges 
and blocks the laser light. Also, a resistance of an ohmic 
contact with the VCSEL rises since the solder melts an 
Au electrode. Additionally, when the Au electrodes are 
directly bonded by ultrasonic waves, the VCSEL is likely 
to be damaged and less effective if the bonding point is 
close to the VCSEL 

[0015] Further, in the prior art structure of Fig. 2, when 
light emerging from the VCSEL through the heat sink 
window 1120 is spatially transmitted or coupled to an 
optical fiber, a lens is needed and the optical system 
thus becomes complicated, leading to an increase in 
cost. i 
[0016] In the prior art structure of Fig. 3, since the VC- 
SEL substrate 1202 needs to be transparent to laser 
light, a usable wavelength band of the laser is limited. 
In Fig. 3, though the substrate 1 202 appears to be com- 
pletely removed to form the guide hole 1 209, it is actually * 
difficult to completely remove a portion of the substrate 
1202 between the VCSEL 1203 and the guide hole 
1209. Therefore, the VCSEL substrate 1202 must be 



transparent to the laser light as noted above. Further, 
Fig. 3 shows a structure of the guide hole 1209 formed 
in the VCSEL substrate 1202 to couple the laser light to 
the optical fiber 1210. There are, however, problems in 
s that an alignment of the guide hole 1209 is difficult to 
perform, coupling loss cannot be reduced since the la- 
ser light is coupled to the optical fiber 1210 without any 
lenses and that the laser is likely to be injured when the 
optical fiber 1210 is inserted. 

10 [001 7] Furthermore, when a laser is actually driven by 
a constant driving current only, it is difficult to maintain 
an output power of the laser at a constant magnitude 
due to adverse influences of its ambient temperature 
and history. Therefore, an automatic power control 

'5 (APC) is normally employed. Fig. 5 illustrates a structure 
therefor. In Fig. 5, laser light is generally emitted from 
opposite sides of two cavity mirrors of a laser diode (LD) 
2200. One of the light outputs is monitored by a photo- 
diode 2201, so that the laser output is maintained at a 

20 constant magnitude by comparing the monitored value 
with a reference voltage 2202 by a differential amplifier 
2203 and negatively feeding its comparison result back 
to a driving current of the laser 2200. In Fig. 5, reference 
numeral 2204 denotes an LD current controlling circuit, 

& reference numerals 2205, 2206 and 2207 denote resis- 
tors and reference numeral 2208 denotes an optical fib- 
er. 

[001 8] Herein, in the case of an end-facet emitting la- 
ser 2309 as illustrated in Fig. 6, generally the laser 2309 

w and a photodiode (PD) 231 0 are mounted on a common 
support and the laser output is monitored. Regarding 
other elements shown in Fig. 6, reference numerals 
2311 and 2312 denote lead wires, reference numeral 
2313 denotes a cap, reference numeral 2314 denotes 

« a window plate, and reference numeral 231 5 denotes a 
stem. In the case of VCSEL, however, there is a light 
output from only one of the cavity mirrors since its entire 
substrate is bonded as illustrated in Fig. 2. 
[001 9] Accordingly, when the APC is carried out in the 

o VCSEL, it is necessary to divide one output into two by 
a prism and optically create monitoring light. Hence, the 
optical system becomes complicated and the number of 
components increases, leading to an increase in cost. 
Further, an actual output power decreases since a por- 

* tion of the light output is taken out for monitoring, and 
hence the amount of a laser driving current needs to be 
increased in order to obtain a necessary output power. 
Its power requirements thus rise inevitably. 

> SUMMARY OF THE INVENTION 

[0020] An object of the present invention is to provide 
an apparatus with an optical functional device having a 
special wiring electrode, such as a surface emitting 
semiconductor device, a light receiving device, whose 
fabrication is easy, whose yield is high, and whose cost 
can be relatively low, and a fabrication method of the 
above apparatus and apparatuses using the above ap- 
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paratus, such as an optical transceiver apparatus, an 
optical interconnection apparatus and an optical record- 
ing apparatus. 

[0021] An apparatus with an optical functional device 
for achieving the object of the present invention includes 
a first substrate, a first optical functional device with a 
functional portion provided on the first substrate, a first 
wiring electrode for injecting a current into or applying a 
voltage to the functional portion of the first optical func- 
tional device, a second substrate, and a second wiring 
electrode. Herein, the first wiring electrode is formed on 
the first substrate and includes a first portion electrically 
connected to the functional portion, afirst extension por- 
tion extending from the first portion to an outside of the 
functional portion and a first pad portion connected to 
the extension portion outside the functional portion, and 
the second wiring electrode is formed on the second 
substrate and includes a second pad portion and a sec- 
ond extension portion extending from the second pad 
portion. The first substrate and the second substrate are 
bonded to each other with the first pad portion and the 
second pad portion being electrically connected to each 
other. Due to such a structure, an alignment precision 
and damages to the optical functional device at the time 
of bonding can be reduced or eliminated, irrespective of 
pitches between the optical functional devices (where 
plural devices are arranged) and device's size. 
[0022] Based on the above fundamental structure, the 
following specific structures are possible with the follow- 
ing technical advantages. 

[0023] At least one of input light and output light trav- 
els into and from the first optical functional device on a 
side of the first substrate. In this case, a portion of the 
first substrate corresponding to the functional portion of 
the first optical functional device may be removed to 
form a window region, which achieves the light input and 
output on the first substrate side independently from a 
wavelength treated by the first optical functional device. 
Alternatively, the first substrate may be formed of mate- 
rial transparent to light which is treated by the first optical 
functional device. 

[0024] At least one of input light and output light trav- 
els into and from the first optical functional device on a 
side of the second substrate. In this case, the second 
substrate may be formed of material transparent to light 
which is treated by the first optical functional device. 
[0025] Further, a guide unit for guiding the above at 
least one of input light and output light into and from the 
first optical functional device can be provided at a por- 
tion of the second substrate corresponding to a location 
of the first optical functional device. An efficiency of op- 
tical coupling of the light input or output to the first optical 
functional device can be increased due to this structure. 
In this case, the guide unit may be a microlens or a Fres- 
nel lens formed in the second substrate. The efficiency 
of optical coupling can be increased due to a light colli- 
mating and condensing function of such a lens. Further, 
the guide unit may be an optical fiber fixed to the second 



substrate. In this case, a hole may be formed in the sec- 
ond substrate, and the optical fiber may be fixed into the 
hole. Thus, the first optical functional device and the op- 
tical fiber can be integrally arranged. 
s [0026] Further, a third substrate with a hole bonded to 
the second substrate may be provided, and the an op- 
tical fiber may be fixed in the hole. 
[0027] The first optical functional device can be a sur- 
face emitting light-radiating device for emitting light per- 
10 pendicular to the first substrate (typically, a vertical cav- 
ity surface emitting laser (VCSEL) with an active layer 
sandwiched between a pair of reflective mirrors). The 
first optical functional device can also be a photodetec- 
tor for converting received light to an electric signal. 
is [0028] Further, a photodetector can be provided on 
the second substrate when the first optical functional de- 
vice is a surface emitting light-radiating device for emit- 
ting light perpendicular to the first substrate. In this 
structure, a light output of the light-radiating device can 
so be monitored by the integrally arranged photodetector 
without attenuating the light output of the light-radiating 
device and increasing the number of components. 
[0029] The photodetector may be positioned oppo- 
sitely to the surface emitting light-radiating device to re- 
2s ceive light from the surface emitting light-radiating de- 
vice. The photodetector may also be positioned oppo- 
sitely to the surface emitting light-radiating device to re- 
ceive both external light and light from the surface emit- 
ting light-radiating device. In this case, the photodetec- 
30 tor may be positioned on a face of the second substrate 
opposite to a face of the second substrate bonded to the 
first substrate to receive the external light. The photo- 
detector may also be positioned on a portion of the sec- 
ond substrate, at which material of the second substrate 
35 is removed to form a window region, to receive the ex- 
ternal light. High performance can be attained when the 
photodetector can also receive the external light. 
[0030] The second pad portion of the second wiring 
electrode is preferably formed outside the photodetec- 
^o tor. 

[0031] Further, a third wiring electrode may be formed 
on the second substrate for the photodetector. The third 
wiring electrode includes a third portion electrically con- 
nected to the photodetector, a third extension portion 

45 extending from the third portion to an outside of the pho- 
todetector and a third pad portion connected to the third 
extension portion outside the photodetector. 
[0032] The photodetector may be a pin-photodiode, 
and an electrode of the pin-photodiode is the third wiring 

50 electrode while another electrode of the pin-photodiode 
is formed on an entire face of the second substrate op- 
posite to a face of the second substrate on which the 
photodetector is provided. Alternatively, the photodetec- 
tor may be a metal-semiconductor-metal (MSM)-photo- 

55 diode, and an electrode of the MSM-photodiode is the 
third wiring electrode while another electrode of the 
MSM-photodiode is another wiring electrode drawn 
from the MSM-photodiode to an outside of the MSM- 



4 



7 



EP0 975 072 A2 



6 



photodiode. 

[0033] Further, a plurality of arrayed photodetectors 
may be provided on the second substrate correspond- 
ing to a pi urality of the first optical functional devices pro- 
vided on the first substrate. s 
[0034] The photodetector can receive light from the 
surface emitting light-radiating device and feedback 
controls the surface emitting light-radiating device 
based on the received light such that a light output of 
the surface emitting light-radiating device can be stabi- 10 
lized. 

[0035] The photodetector can receive both external 
light and light from the surface emitting light-radiating 
device and feedback controls the surface emitting light- 
radiating device based on the received light such that a is 
light output of the surface emitting light-radiating device 
can be stabilized and that the surface emitting light-ra- 
diating device can act as an optical inverter. 
[0036] Further, the first pad portion and the second 
pad portion may be bonded with solder, anisotropic elec- 20 
trically-conductive adhesive, or electrically-conductive 
adhesive. The first pad portion and the second pad por- 
tion may also be bonded by pressing the first and and 
second pad portions against each other. 
[0037] A metal bump for radiating heat generated by 2s 
the functional portion of the first optical functional device 
to the second substrate may be provided. The metal 
bump is placed between the functional portion and the 
second substrate, and said metal bump being electrical- 
ly independent. 30 
[0038] Resin may be packed in a space created be- 
tween the functional portion of the first optical functional 
device and the second substrate to strengthen a me- 
chanical bonding between the first and second sub- 
strates. 35 
[0039] Further, the second substrate with the second 
wiring electrode may be mounted to a package or a 
print-circuit board directly or through another substrate 
with a wiring electrode. 

[0040] The first substrate may be entirely bonded to 40 
an inner surface of a package acting as a heat sink. 
[0041] The second substrate can be a substrate of a 
semiconductor single crystal, and the second substrate 
may include an electronic functional device, a driver for 
the electronic functional device and a controller for the 45 
electronic functional device integrated on the second 
substrate. 

[0042] The first substrate may include a groove struc- 
ture for preventing a short circuit through an end facet 
of the first substrate. The groove structure is formed so 
around the functional portion of the first optical function- 
al device. 

[0043] Further, a plurality of arrayed first optical func- 
tional devices may be provided in an integrated form on 
the first substrate, and the plurality of first pad portions ss 
respectively connected to the plurality of arrayed first 
optical functional devices may be respectively extended 
from the plurality of first portions to a region outside of 



the first optical functional devices. In this case, a groove 
for preventing optical, electric and thermal interference 
between the plurality of first optical functional devices 
may be formed between the plurality of first optical func- 
tional devices. 

[0044] The first wiring electrode may be formed for 
each first optical functional device such that each first 
optical functional device can be independently driven. 
The first wiring electrode may also be formed such that 
the first optical functional devices can be driven in a ma- 
trix manner. 

[0045] A substrate structure for achieving the object 
of the present invention includes a substrate, an optical 
functional device with a functional portion provided on 
the substrate, and a wiring electrode for injecting a cur- 
rent in or applying a voltage to the functional portion of 
the optical functional device. Herein, the wiring elec- 
trode is formed on the substrate and includes a portion 
electrically connected to the functional portion, an ex- 
tension portion extending from the portion to an outside 
of the functional portion and a pad portion connected to 
the extension portion outside the functional portion. 
[0046] A substrate structure for achieving the object 
of the present invention includes a substrate and a wir- 
ing electrode formed on the substrate and including a 
pad portion and an extension portion extending from the 
pad portion. The substrate structure also includes an op- 
tical functional device and another wiring electrode 
formed on the substrate for the optical functional device. 
Herein, the another wiring electrode includes another 
portion electrically connected to the optical functional 
device, another extension portion extending from the 
another portion to an outside of the optical functional 
device and another pad portion connected to the anoth- 
er extension portion outside the optical functional de- 
vice, and wherein the pad portion of the wiring electrode 
is formed outside the optical functional device. 
[0047] A fabrication method of the above apparatus 
with an optical functional device and an optical fiber for 
achieving the object of the present invention includes 
the steps of: 

forming the surface emitting light-radiating device 
and the first wiring electrode on the first substrate; 
forming the second wiring electrode on the second 
substrate; 

bonding the first substrate and the second substrate 
to each other; 

injecting a current into the surface emitting light-ra- 
diating device to oscillate the surface emitting light- 
radiating device; 

aligning a photomask with one of the second sub- 
strate and the third substrate bonded to the second 
substrate using the oscillated light as an alignment 
mark; 

performing a patterning on one of the second sub- 
strate and the third substrate using the photomask 
to form a pattern on one of the second substrate 
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and the third substrate; and 
etching the hole in one of the second substrate and 
the third substrate using the pattern. 



[0048] Further, an optical recording apparatus for 
achieving the object of the present invention includes 
the above apparatus with an optical functional device, 
and a unit for projecting signal-carrying light from the 
apparatus with an optical functional device on a record- 
ing medium. 

[0049] An optical transceiver apparatus for achieving 
the object of the present invention includes an optical 
transmitter of the above apparatus with an optical func- 
tional device, and an optical receiver. The optical func- 
tional device includes a photodetector provided on the 
second substrate. In this case, the above apparatus with 
an optical functional device can act as both the optical 
transmitter and the optical receiver. The optical trans- 
ceiver apparatus can perform an inter-board parallel 
transmission and a signal processing and is constructed 
as an optical interconnection apparatus. 
[0050] These advantages and others will be more 
readily understood in connection with the following de- 
tailed description of the preferred embodiments in con- 
junction with the drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0051] Fig. 1 is a cross-sectional view illustrating the 
structure of a first prior art VCSEL. 
[0052] Fig. 2 is a cross-sectional view illustrating the 
structure of a second prior art VCSEL with a wiring and 
heat-sink substrate. 

[0053] Fig. 3 is a cross-sectional view illustrating the 
structure of a third prior art VCSEL with an electronic- 
circuit substrate. 

[0054] Fig. 4 is a perspective view illustrating the 
structure of a fourth prior art actual mounting configura- 
tion of a VCSEL array to a wiring substrate. 
[0055] Fig. 5 is a schematic diagram of an ordinary 
prior art APC circuit. 

[0056] Fig. 6 is a cross-sectional view illustrating the 
structure of a prior art laser module with a monitoring 
PD. 

[0057] Fig. 7 is a cross-sectional view illustrating the 
structure of a VCSEL array of a first embodiment ac- 
cording to the present invention. 
[0058] Fig. 8 is a plan view illustrating the structure of 
a VCSEL-array substrate according to the present in- 
vention. 

[0059] Fig. 9 is a plan view illustrating the structure of 
a wiring substrate according to the present invention, to 
which a VCSEL-array is to be bonded. 
[0060] Fig. 1 0 is a cross-sectional view illustrating the 
structure of a VCSEL array of a second embodiment ac- 
cording to the present invention. 
[0061] Fig. 1 1 is a cross-sectional view illustrating the 
structure of a VCSEL array of a third embodiment ac- 



cording to the present invention. 
[0062] Fig. 1 2 is a cross-sectional view illustrating the 
structure of a VCSEL array module of a fourth embodi- 
ment according to the present invention. 
5 [0063] Fig. 1 3 is a cross-sectional view illustrating the 
structure of a VCSEL array of a fifth embodiment ac- 
cording to the present invention. 
[0064] Fig. 1 4 is a cross-sectional view illustrating the 
structure of a VCSEL array module with an integrated 
10 electronic device of a sixth embodiment according to the 
present invention. 

[0065] Fig. 1 5 is a cross-sectional view illustrating the 
structure of a VCSEL array of a seventh embodiment 
according to the present invention. 
is [0066] Fig. 1 6 is a plan view illustrating the structure 
of the seventh embodiment. 

[0067] Fig. 1 7 is a cross-sectional view illustrating the 
structure of a VCSEL array of an eighth embodiment ac- 
cording to the present invention. 
20 [0068] Fig. 1 8 is a plan view illustrating the structure 
of another wiring substrate according to the present in- 
vention, to which a VCSEL-array is to be bonded. 
[0069] Fig. 1 9 is a cross-sectional view illustrating the 
structure of a VCSEL array module of a ninth embodi- 
es ment according to the present invention. 

[0070] Figs. 20A through 20C are respectively cross- 
sectional views illustrating fabrication steps of the ninth 
embodiment. 

[0071] Fig. 21 is a cross-sectional view illustrating the 
30 structure of a VCSEL array module of a tenth embodi- 
ment according to the present invention. 
[0072] Fig. 22 is a cross-sectional view illustrating the 
structure of a VCSEL array module of an eleventh em- 
bodiment according to the present invention. 
35 [0073] Fig. 23 is a cross-sectional view illustrating the 
structure of a VCSEL array module of a twelfth embod- 
iment according to the present invention. 
[0074] Fig. 24 is a cross-sectional view illustrating the 
structure of a VCSEL array module of a thirteenth em- 
40 bodiment according to the present invention. 

[0075] Fig. 25 is a plan view illustrating the structure 
of a VCSEL-array substrate of the thirteenth embodi- 
ment. 

[0076] Fig. 26 is a plan view illustrating the structure 
45 of a photodetector and wiring substrate according to the 
present invention, to which a VCSEL-array of the thir- 
teenth embodiment is to be bonded. 
[0077] Fig. 27 is a cross-sectional view illustrating the 
structure of a VCSEL array module of a fourteenth em- 
50 bodiment according to the present invention. 

[0078] Fig. 28A is a cross-sectional view illustrating 
the structure of a VCSEL array module of a fifteenth em- 
bodiment according to the present invention. 
[0079] Fig. 28B is a plan view illustrating electrodes 
55 of a metal-semiconductor-metal (MSM) photodiode of 
the fifteenth embodiment. 

[0080] Fig. 29 is a cross-sectional view illustrating the 
structure of a VCSEL array module of a sixteenth em- 
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bodiment according to the present invention. 
[0081] Fig. 30 is a schematic diagram of an APC cir- 
cuit of a VCSEL array module in the case of a VCSEL 
having a cathode-common structure. 
[0082] Fig. 31 is a schematic diagram of an APC cir- 
cuit of a VCSEL array module in the case of a VCSEL 
having an anode-common structure. 
[0083] Fig. 32 is a schematic plan view illustrating the 
structure of an optical system of a laser beam printer 
using a VCSEL array module according to the present 
invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 



First Embodiment 

[0084] A first embodiment of the present invention is 
directed to an 8x8 two-dimensional VCSEL array in 
which each VCSEL of AlGaAs/GaAs series with a 
0.98-nm wavelength band is grown on a GaAs sub- 
strate. In a VCSEL wafer 21 (also referred to, herein, as 
the entire chip 21 and the VCSEL substrate 21 ), shown 
in Fig. 7, a single-wavelength cavity 3 composed of a 
strained dual quantum well active layer of InGaAs/GaAs 
and an AIGaAs spacer layer is formed on a GaAs sub- 
strate 1 . The cavity 3 is sandwiched between distributed 
Bragg reflector (DBR) mirrors 2 and 4 formed of a 
1/4-wavelength-thickness multi-layer of AlAs/AIGaAs 
(about twenty to thirty pairs). These layers are epitaxial ly 
grown on the substrate 1 by a metal organic vapor phase 
epitaxy (MOVPE) method or the like. An uppermost lay- 
er of the DBR mirror 4 is composed of a highly-doped 
GaAs layer for readily making an electrode contact. 
[0085] After etching is annularly performed down to a 
neighborhood of the active layer 3, a thus-formed 
groove is buried with a pofyimide 9 to flatten the surface 
and an insulating layer 5 of SiN x or the like is formed. 
Then, a window is formed in the insulating layer 5 and 
an electrode 6 is formed thereat. A current constriction 
into a light radiation region 8 is thus achieved. Here, 
AlAs layers on a side of the DBR mirror 4 exposed by 
the annular etching may be selectively oxidized to fur- 
ther strengthen the current constriction structure. 
[0086] The electrode 6 has such a wiring pattern as 
illustrated in Fig. 8 that an electrode pad 6 is drawn out- 
side a VCSEL array region 20 (In this specification, re- 
spective portions, such as a portion connected to a de- 
vice, an extension portion therefrom and an electrode 
pad, of the electrode pattern are designated by a com- 
mon reference numeral). In this embodiment, the elec- 
trode 6 is formed of Cr/Au deposited by a vacuum evap- 
oration. However, where the electrode 6 is relatively 
long, the electrode 6 may be formed of a thick Au plating 
to decrease its resistance. Further, the electrode pattern 
6 can be formed of a contact/barrier/wiring layer of Ti/ 
Pt/Au or the like to increase a close contact at the time 
of soldering and reduce a contact resistance between 



the electrode and semiconductor. Herein, Ti is superior 
in its close contact with semiconductor, Pt is indissoluble 
to solder and, hence, can be a barrier, and Au dissolves 
in solder to create an alloy. 
s [0087] With respect to sizes of this embodiment, the 
radiation region 8 of VCSEL has a diameter of 10 urn, 
an interval between the radiation regions 8 is 125 jjm, 
an area of a VCSEL array region 20 is 875 nm-square, 
and an area of the entire chip 21 is 3 mm-square. Nat- 
10 urally these dimensions can be changed freely. An elec- 
trode 7 of the VCSEL on the side of the GaAs substrate 
1 is formed of AuGe/Au. Material of the electrode 7 in a 
portion of the array region 20 is removed such that laser 
light can be taken from the substrate side. It should be 
*5 noted that the GaAs substrate 1 is trasparent to light at 
a0.98-nmband. 

[0088] On the other hand, an electrode pattern 1 2 as 
illustrated in Fig. 9 is formed on a sub-mount 30 (also 
referred to, herein, as wiring substrate 30) to which the 

20 VCSEL substrate 21 is mounted. In the electrode pat- 
tern 12, an electrode pad 12 is arranged corresponding 
to the electrode pad on the side of the VCSEL radiation 
region 8 and this electrode pad is drawn outside to an 
outer electrode pad (see Fig. 9). In the sub-mount 30, 

2S an Si0 2 layer 1 1 is formed on an Si substrate 1 0 by ther- 
mal oxidization and the electrode pattern 12 is formed 
of Cu/Ni/Au on the Si0 2 layer 11 by plating or the like, 
as illustrated in Fig. 7. A solder 1 3 is formed on the elec- 
trode pad 12 by plating or the like. Thus, the VCSEL 

30 substrate 21 and the wiring substrate 30 can be readily 
connected electrically and mechanically by aligning and 
heating them. 

[0089] The electric connection between the VCSEL 
substrate 21 and the wiring substrate 30 can also be 

3S achieved by pressing the Au electrodes against each 
other or applying ultrasonic waves to a connection por- 
tion, other than using the solder. Further, an anisotropic 
electrically-conductive adhesive containing electrically- 
conductive particles (whose size is about 4 urn to 10 

^0 nm) may also be used (i.e., this adhesive is applied to 
the connection portion and pressure and heat are ap- 
plied thereto). In this case, when the Au electrode pat- 
tern is made with a thickness of more than 1 0 jim by the 
plating, the anisotropy of the adhesive (conductivity ex- 

45 ists in a perpendicular direction but not in a lateral direc- 
tion) can be utilized since this thickness is larger than 
the size of the conductive particles. Thus, the corre- 
sponding electrodes 6 and 12 can be electrically con- 
nected with good yield while insulation between adja- 

50 cent wiring electrodes is secured. 

[0090] A spacing 1 5 formed by the connection of the 
electrodes 6 and 12 may be maintained as it is, or filled 
with resin or the like. In this embodiment, the wiring pat- 
tern is of a type for independently driving the respective 

55 devices. However, this may be formed such that a matrix 
driving can be effected. In this case, the wiring electrode 
is formed, for example, as follows: The electrodes 6 of 
the VCSELs on the epitaxial layer side are connected 
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with respect to a row in one direction of the two-dimen- 
sional array, and the wiring is drawn out to an electrode 
pad array outside of the VCSEL region 20. On the side 
of the substrate 1 , an electrode separation is carried out 
similarly to the epitaxial layer side (for example, etching s 
is performed from the substrate 1 down to the active lay- 
er 3 in a lattice pattern, and thus-formed grooves are 
buried with insulating material to flatten the surface). 
The thus-separated electrodes 7 on the VCSEL sub- 
strate side are connected with respect to a column in ic 
the other direction of the two-dimensional array, and the 
wiring is drawn out to an electrode pad array outside of 
the VCSEL region 20 (see Fig. 16 which will be ex- 
plained later). 

[0091] When the above structure is put in a shallow is 
box-shaped package, the wiring substrate 30 is die- 
bonded on an inner bottom face of the package and the 
respective electrodes or electrode pads 7 and 12 are 
connected to pins provided on side walls of the package 
by bonding wires 1 4. This package is mounted to a print- 20 
circuit board, for example. 

[0092] In this embodiment, no alignment precision is 
required when the VCSEL substrate 21 and the wiring 
substrate 30 are bonded. Therefore, its yield and pro- 
ductivity can be increased. Further, since there is no 25 
bonding and the like near the VCSEL, characteristics of 
the VCSEL cannot be damaged or lowered. 

Second Embodiment 

30 

[0093] A second embodiment will be described with 
reference to Fig. 10 in which the same funtional portions 
as those in Fig. 7 are designated by the same reference 
numerals as those in Fig. 7. 

[0094] The second embodiment of the present inven- 35 
tion is directed to a configuration wherein a thermal ra- 
diating structure is provided under each light radiation 
region 8 as shown in Fig. 1 0 to improve thermal radiation 
characteristics of VCSEL. Other structures, such as the 
VCSEL structure and wiring electrode structure, are the *o 
same as those of the first embodiment. 
[0095] A dot portion 40 of metal, such as Au, is formed 
by the plating or the like at places of the wiring substrate 
30 corresponding to the respective VCSELs. The size 
of the dot portion 40 is set such that its diameter is about 45 
1 00 urn and its height is about the sum of heights of the 
electrode pattern 12 and solder 13 on the wiring sub- 
strate 30. These Au dots 40 are electrically independent 
from each other and have nothing to do with the wiring. 
The Au dot 40 is pressed against the electrode 6 of VC- so 
SEL when the VCSEL substrate 21 and the wiring sub- 
strate 30 are pressed and bonded to each other. Thus, 
a good thermal conduction can be established between 
the electrode 6 and the Au dot 40. Accordingly, oscilla- 
tion characteristics of the VCSEL can be improved. Spe- ss 
cifically, its threshold current can be decreased, its max- 
imum power can be increased, and thermal crosstalk 
between adjacent VCSELs can be reduced. 



[0096] In pressing the Au dot 40 against the electrode 
6, pressure contact thereat can be readily attained and 
the strength of the contact can be increased when an 
uneven structure of about a 10-jim pitch is formed on 
the surface of the dot 40. Further, ultrasonic waves or 
solder can be employed like the bonding between the 
electrode pads 6 and 1 2. Where there is a fear that the 
VCSEL might be injured, an annular recess with the di- 
ameter of the radiation region 8 may be formed at the 
center of the Au dot 40. 

[0097] Examples of AIGaAs/GaAs series on the GaAs 
substrate are described in the first and second embod- 
iments, but a choice of material series is not limited 
thereto. The present invention can also be applied to 
other materials, such as GaN series of blue radiation 
and GalnNAs of a long-wavelength material on the 
GaAs substrate. 

Third Embodiment 

[0098] A third embodiment of the present invention is 
directed to a configuration wherein a portion of a VCSEL 
substrate 51 in a VCSEL array region is removed by 
etching as illustrated in Fig. 11 to take out laser light 
therethrough. In Fig. 11, the same functional portions as 
those in Fig. 7 are designated by the same reference 
numerals as those in Fig. 7. 

[0099] When the oscillation wavelength of a VCSEL 
of GaAs series is below 0.9 urn, the GaAs substrate 51 
becomes absorptive to such light. Therefore, the sub- 
strate 51 needs to be removed when light is taken out 
from the VCSEL substrate side. In the third embodi- 
ment, DBR mirrors 2 and 4 are respectively composed 
of AlAs/AIGaAs multi-layers like the first and second em- 
bodiments. The third embodiment, however, differs 
therefrom in that an active layer 53 is formed of a mul- 
tiple quantum well layer of GaAs/AIGaAs series. 
[0100] In this embodiment, the thermal radiation char- 
acteristic is improved by the Au dot 40 like the second 
embodiment. The Au dot 40 also acts as a reinforcing 
plate compensating for the removal of the substrate 51 . 
Further, the spacing between the VCSEL substrate 51 
and the wiring substrate 30 is filled with the resin 15. 
The removal of a portion of the substrate 51 in the VC- 
SEL array region (this removed region is denoted by a 
numeral 50 in Fig. 11) is executed using a mixture of 
hydrogen peroxide water and ammonia. A selective 
etching of GaAs and AlAs is possible by using this mix- 
ture and, therefore, the etching can be readily stopped 
at the surface of the DBR mirror 2. 
[0101] In this embodiment, the removal of the sub- 
strate is described for the GaAs series. This structure, 
however, can be likewise applied to a case of InP series 
where dielectric mirrors need to be formed. Specifically, 
the InP substrate can be selectively etched and re- 
moved using HCI or the like with InGaAsP (an InGaAsP 
etching stop layer is formed on the InP substrate) being 
left, and the dielectric mirror is formed in a removed por- 
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tion by sputtering or the like. 
[0102] In this embodiment, a structure can be 
achieved independently from material of VCSEL and os- 
cillation wavelength. 

Fourth Embodiment 

[0103] A fourth embodiment will be described with ref- 
erence to Fig. 12 in which the same funtional portions 
as those in Fig. 7 are also designated by the same ref- 
erence numerals as those in Fig. 7. 
[0104] The fourth embodiment of the present inven- 
tion is directed to a configuration wherein a wiring sub- 
strate 60 is composed of material transparent to an os- 
cillation wavelength of VCSEL as illustrated in Fig. 12. 
In the material series described in the first embodiment, 
light can be transmitted through the wiring substrate 
even when this substrate is composed of an Si sub- 
strate. However, there is a little absorption and there- 
fore, it is preferable to use a fully transparent material, 
such as glass, as the wiring substrate. In order to en- 
hance a heat-sink effect, diamond or sapphire is more 
preferable. In such a VCSEL structure, a window needs 
to be formed in the electrode 6 as illustrated in Fig. 17 
to take out laser light from the epitaxial layer side. 
[0105] In this embodiment, the side of the VCSEL 
substrate 1 of the VCSEL array is bonded to, for exam- 
ple, a box-shaped package 61 as illustrated in Fig. 12. 
A compact packaging is thus achieved. The package 61 
is formed of ceramic or the like. An electrode 67 on the 
VCSEL substrate 1 only needs to be connected to an 
appropriate wiring 68 on the wiring substrate 60 through 
a wiring (denoted by a dotted line 65) provided on an 
inner side of the package 61 . The wiring electrode 6 from 
the VCSEL array is electrically connected to another 
substrate 62, such as an electronic-device substrate of 
Si or a print-circuit board with an electric circuit formed 
thereon, through the wiring substrate 60. 
[0106] The VCSEL array and driver therefor can be 
integrally packaged in a compact form by the above 
mounting method. The above structure can also be em- 
ployed as an actual mounting configuration for a so- 
called inter-board optical interconnection wherein con- 
nections between print-circuit boards with high-perform- 
ance electronic circuits including processors and the like 
are made using light. 

Fifth Embodiment 

[0107] A fifth embodiment of the present invention is 
directed to a configuration of a type of the first to third 
embodiments, wherein the wiring from the wiring sub- 
strate 30 to another portion is accomplished by the elec- 
tric connection to another substrate 71 , but not by wire 
bonding as in the fourth embodiment. When the VCSEL 
array is contained in an IC package or the like, an elec- 
trode pad 72 corresponding to the electrode pad 12 on 
the wiring substrate 30 and a wiring connected to a pin 



of the package are formed on the Si substrate 71 . The 
substrate 71 has a thermally-oxidized surface layer 73, 
and a portion of the substrate 71 corresponding to the 
VCSEL substrate 21 is removed as illustrated in Fig. 1 3. 

s Electric connections between the electrode pads 1 2 and 
72 and between the wiring to the package's pin and this 
pin are established by the solder or the like, similarly to 
the above embodiments. Herein, the wiring substrate 30 
is bonded to the inner bottom surface of a box-like pack- 

f 0 age, and the Si substrate 71 with the thermally-oxidized 
layer 73 is put over this box-like package. The wire 
bonding process can be thus omitted, so that its produc- 
tivity can be improved and cost can be reduced. In this 
embodiment, the structure is put in the package. How- 

is ever, the structure may be mounted to the print-circuit 
board with the electric circuit or the like, similarly to the 
fourth embodiment, in place of the wiring substrate 71 . 
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Sixth Embodiment 



[0108] A sixth embodiment of the present invention is 
directed to a configuration wherein an electronic device 
is formed on a wiring substrate 80 as illustrated in Fig. 
14. In the wiring substrate 80 similar to that of the first 
*5 embodiment, a wiring electrode 81 (which corresponds 
to the electrode pattern 1 2 in Fig. 7) is directly connected 
to a collector electrode of a transistor 82 for driving VC- 
SEL, or connected to its emitter electrode via a resist- 
ance formed by thinning the wiring. Other wiring elec- 
ta trodes are also formed to connect other electrodes to 
other electronic devices, power sources and the like on 
the wiring substrate 80. The connection manner of the 
electrodes of the transistor 82 is determined depending 
on the VCSEL's connection structure, i.e., anode-com- 
35 mon or cathode-common structure. 

[0109] When devices for driving the VCSELs are thus 
formed on the wiring substrate 80, an optimal light 
source apparatus can be achieved for a small-sized op- 
tical interconnections or the like. 

40 

Seventh Embodiment 

[0110] A seventh embodiment will be described with 
reference to Fig. 15 in which the same funtional portions 

45 as those in Fig. 7 are also designated by the same ref- 
erence numerals as those in Fig. 7. 
[011 1] The seventh embodiment of the present inven- 
tion is directed to a structure for solving the problem that 
characteristics of VCSEL may be injured due to a short 

50 on the end face of the VCSEL substrate 21 caused by 
undesired expansion of solder or adhesive 90 as illus- 
trated in Fig. 15 when the electrode pads 6 and 12 are 
bonded. This problem is solved by the structure wherein 
a groove 91 is formed from the substrate 1 down toward 

55 the epitaxial face after the VCSEL substrate 21 and the 
wiring substrate 30 are bonded. The groove 91 only 
needs to extend down below the undoped active layer 
3 at which the polarity changes. The adverse influence 
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of the end face of the VCSEL substrate 21 appears par- 
ticularly when the active layer 3 and its neighboring lay- 
ers continuously extend over the entire substrate as il- 
lustrated in Fig.1 of the prior art device, because current 
leaks through those layers. 

[0112] Further, a6 illustrated in Fig. 16, similar 
grooves 91 may be formed between the respective VC- 
SELs in a lattice pattern when crosstalks of current, heat 
and tight between adjacent VCSELs are not negligible. 
In this case, a wiring electrode 93 on the side of the sub- 
strate 1 is formed after the etched grooves 91 are buried 
with polyimide 92 or the like to smooth uneven steps. 
Windows 94 are formed in the wiring electrode 93 to 
transmit therethrough light from the VCSELs. 
[0113] The structure illustrated in Fig. 16 can drive the 
VCSELs in a matrix-wiring manner. This structure is es- 
pecially effective in the case of a large number of ar- 
rayed devices. Herein, the wiring electrode 93 on the 
epitaxial layer side is not like the fully-independent driv- 
ing type as illustrated in Fig. 8. This wiring electrode 93 
connects the VCSELs arranged in a column direction 
perpendicular to a row direction in which the electrode 
pattern 93 extends as illustrated in Fig. 16. Accordingly, 
the wiring electrode pads 12 on the wiring substrate 30 
are provided only on portions on opposite sides with re- 
spect to the column direction as illustrated in Fig. 16. 
[0114] The wiring electrode of the above embodi- 
ments can also be naturally employed in the seventh 
embodiment. In this case, the electrode of the VCSEL 
on the substrate side only needs to be formed over the 
entire substrate 1 with windows being formed at radia- 
tion portions, since the wiring electrode 6 on the epitaxial 
layer side is formed in the fully-independent driving type 
as illustrated in Fig. 8. 

[0115] In the first to seventh embodiments, the 8X8 
two-dimensional VCSEL array is described, but the 
number of VCSELs is not limited thereto. Even a single 
VCSEL can be adopted. Further, the surface emitting 
laser array is described, herein, but an array of end-facet 
emitting lasers can also be adopted, in this case, since 
the end-facet emitting laser emits light from its end facet 
in parallel to its substrate surface, lasers are typically 
arranged in a one-dimensional form. An electrode on the 
substrate side is formed on the bottom of the substrate 
as a common electrode, electrodes on its epitaxial layer 
side extend in a stripe form along the light emerging di- 
rection, and electrode pads are drawn out from these 
stripe-shaped electrodes, respectively. On a wiring sub- 
strate side, electrode pads are formed corresponding to 
the above electrode pads drawn from the stripe-shaped 
electrodes, and these electrode pads on the wiring sub- 
strate are drawn to electrode pads formed on an edge 
portion of the wiring substrate, for example. 
[0116] Further, a surface-type light receiving device 
can be likewise fabricated and mounted, and thus a light 
transmitting and receiving (transceiver) unit with a laser 
array and a photodetector array formed on a common 
substrate can be provided. 



Eighth Embodiment 

[0117] An eighth embodiment will be described with 
reference to Fig. 1 7 in which the same f untional portions 

s as those in Fig. 7 are also designated by the same ref- 
erence numerals as those in Fig. 7. 
[0118] The eighth embodiment of the present inven- 
tion is directed to a structure wherein light is emitted 
from a wiring substrate side as well as the laser sub- 

10 strate side. 

[011 9] In this embodiment, a window of a diameter of 
5 jim is formed at the center of an electrode 106 of a 
VCSEL portion, so that light can be taken out from the 
epitaxial layer side. A sub-mount or wiring substrate 1 30 

is for mounting the VCSEL substrate thereto has an elec- 
trode pattern 112 as illustrated in Fig. 18. The wiring 
electrode 11 2 is formed corresponding to the electrode 
pad 106 formed at each radiation region of the VCSEL. 
The electrode pad 106 has the same pattern as in Fig. 

20 8. The electrode pattern 112 is essentially the same as 
that of Fig. 9. As illustrated in Fig. 17, the sub-mount 
130 is composed of a glass substrate 110 in which an 
array of plane microlenses 1 11 are arranged by forming 
refractive-index distributions diffusion. The wiring elec- 
ts trode 1 12 is formed of Cu/Ni/Au by plating on the bottom 
surface of the glass substrate 110. 
[0120] A space 115 formed by bonding the electrodes 
1 06 and 1 1 2 may be left as it is, or filled with resin or the 
like which either scatters laser light or absorbs very little 

30 of it. Antireflection coating may be provided on opposite 
surfaces of the glass substrate 110 to reduce the ad- 
verse influence of returning light to the VCSEL. 
[0121] In this embodiment, the alignment between the 
VCSEL substrate 21 and the wiring substrate 130 can 

55 be precisely achieved by monitoring laser light through 
the plane microlenses 1 1 1 while lasing the VCSELs. The 
plane microlenses 111 may be omitted, or fabricated 
while lasing the VCSELs after mounting the wiring sub- 
strate 1 30 to the VCSEL substrate 21 . Further, grooves 

40 may be formed by etching after mounting the wiring sub- 
strate 130 to the VCSEL substrate 21, and thereafter 
ball lenses may be put into the grooves using adhesive 
or the like. 

[0122] The wiring from the VCSEL array can be di- 
4$ rectly electrically connected to a wiring electrode 1 1 6 on 
another substrate 117, such as an Si substrate with elec- 
tronic devices or a print-circuit board. 
[0123] The VCSEL array, collimator lenses for laser 
light and drivers for these VCSELs can be thus pack- 
so aged in a compact integrated form. The above structure 
can also be employed as an actual mounting configura- 
tion for a so-called inter-board optical interconnection 
wherein a connection between print-circuit boards with 
high-performance electronic circuits including procee- 
ds sors and the like is executed using light. 

[0124] Where the VCSEL array is contained in an IC 
package or the like, the size of the wiring substrate 1 30 
is made accordant with a cavity size of the package and 
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the wiring 112 of the wiring substrate 130 is formed so 
as to extend to pins of the package. The wiring 112 of 
the wiring substrate is electrically connected to the pin 
and therefore, the complicated work of wire-bonding the 
wiring electrode 112 can be omitted. When the laser 5 
substrate 21 is die-bonded to an inner bottom of the (C 
package, laser light can be taken only from the side of 
the wiring substrate 1 30 (see Fig. 1 2 in this connection). 
[01 25] Also in this embodiment, yield and productivity 
can be improved since the alignment between the VC- io 
SEL substrate 21 and the wiring substrate 1 30 can be 
readily achieved. Further, since there is no wire-bonding 
work and the like near the VCSEL, characteristics of the 
VCSEL cannot be damaged or lowered. Moreover, an 
example of AIGaAs/GaAs series on the G AAs substrate '5 
is desribed in the eighth embodiment, but a choice of 
material series is not limited thereto. Other materials, 
such as GaN series of blue radiation and GalnNAs of a 
long-wavelength material on the GaAs substrate can be 
used as described above. 20 

Ninth Embodiment 

[01 26] A ninth embodiment of the present invention is 
directed to a configuration wherein an optical fiber 143 25 
for guiding laser light from VCSEL is also integrated as 
illustrated in Fig. 19. Other structures, such as the VC- 
SEL structure and wiring substrate 130, are the same 
as those of the eighth embodiment, with an exception 
that a heat sink 140 of a thermal radiating structure is 30 
provided on the side of the laser substrate 21 . The sink 
1 40 is ordinally formed of ceramic, such as AI2O3 or AIN. 
The box-shaped heat sink 140 covers the laser sub- 
strate 21 as illustrated in Fig. 1 9. The electrode 7 on the 
substrate side is electrically connected to the corre- 35 
spending electrode 112 on the wiring substrate 130 
through a wiring formed on an inner wall of the heat sink 
140 (see the description of Fig. 12 in this connection). 
[01 27] The optical fiber 1 43 is mounted as follows: An- 
other substrate 141 (also referred to, herein, as fiber 40 
supporting substrate 141 and Si substrate 141 ) is bond- 
ed to the wiring substrate 130 as illustrated in Fig. 19, 
and a guide hole 1 42 is formed in the substrate 1 41 into 
which the fiber 143 is inserted. Thus, the fiber 143 can 
be readily mounted in an appropriate position. A process 45 
of forming the guide hole 1 42 will be described with ref- 
erence to Figs. 20A to 20C. 

[0128] An Si wafer having a thickness of 500 urn is 
used as the fiber supporting substrate 1 41 , for example. 
In Fig. 20A, the substrate 21 of the VCSEL array is so 
mounted to the wiring substrate 1 30 with microlenses 
111 by the method of the eighth embodiment, and the 
Si substrate 141 is bonded to the wiring substrate 130 
using an anodic bonding method or the like. A resist 1 50 
is then deposited on the Si substrate 1 41 . In the anodic 55 
bonding method, a cathode and an anode are applied 
to the glass of the wiring substrate 1 30 and the Si sub- 
strate 141 , respectively, and a voltage is applied across 



these substrates 1 30 and 1 41 . An adhesive of polyimide 
series or epoxy series may be used in this bonding 
method. 

[0129] In Fig. 20B, a patterning is performed using a 
photomask 154 to form fiber guiding holes in accord- 
ance with positions of the VCSELs. Herein, current is 
injected into the VCSEL using probes 151 and 152, and 
the alignment is executed between radiated light 153 
reaching the resist 150 through the microlens 111 and 
an opening 155 (its size is larger than a spot diameter 
of the light 153) while monitoring it by a CCD. A precise 
patterning can be thus effected readily. 
[0130] In Fig. 20C, etching of about 400 pm in depth 
is performed using a reactive ion beam etching (RIBE). 
Herein, the etching is carried out using the resist 150 
partly exposed to light transmitted through the photo- 
mask 154. The guiding hole 142 is thus formed by a se- 
lective wet etching between Si 1 41 and glass 1 30, using 
KOH. 

[0131] The optical fiber 143 is then inserted into the 
thus-formed guide hole 1 42. An end face of the fiber 1 43 
is preferably made antireflective. A highly-effective op- 
tical coupling can be readily obtained by fixing the fiber 
143 using the epoxy or the like. Thus, productivity can 
be improved and cost can be decreased. In this embod- 
iment, the laser is not damaged when the fiber 143 is 
inserted and hence, yield can be improved. 
[0132] The microlens 111 is provided in this embodi- 
ment, but the lens 111 can be omitted when the optical 
fiber 143 is a multi-mode fiber. In this case, light can be 
sufficiently coupled to the multi-mode fiber even when 
the distance between the end of the fiber 143 and the 
emitting face of the VCSEL is about 100 jim. Therefore, 
the thickness of the glass substrate 130 can be set to 
about 100 \im. 

Tenth Embodiment 

[01 33] A tenth embodiment of the present invention is 
directed to a configuration wherein a wiring glass sub- 
strate 160 is provided with both microlenses 161 and 
holes 1 62 for guiding the optical fibers 1 43 as illustrated 
in Fig. 21 . Fabrication method and so forth are the same 
as those of the eighth and ninth embodiments. The tenth 
embodiment differs from the eighth and ninth embodi- 
ments in that the focal length of the microlens 161 is 
shortened since the microlens 161 is formed on the sur- 
face of the wiring glass substrate 1 60 facing the VCSEL 
array and the distance between the lens 161 and the 
VCSEL is thus shortened. The fiber guide hole 162 is 
formed by etching the glass substrate 160 with a wet 
etchant of hydrofluoric acid. Therefore, the etching 
should be performed and stopped carefully. In this em- 
bodiment, however, cost can be reduced since a proc- 
ess for bonding the glass substrate 160 to another sub- 
strate (see the substrate 141 in Fig 19) is omitted. 
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Eleventh Embodiment 

[0134] In the eighth to tenth embodiments, glass is 
mainly used as material of the wiring substrates 1 30 and 
160 since the microlenses 111 and 161 should be £ 
formed in these substrates. 

[0135] In an eleventh embodiment of the present in- 
vention, a hole 171 for taking out laser light is formed in 
a wiring substrate 1 70 by hole-etching only the area (ap- 
proximately 1 mm-square in the case of the VCSEL type to 
in the eighth embodiment) corresponding to the VCSEL 
array as illustrated in Fig. 22. Accordingly, there is no 
limitation on the type of material used for the wiring sub- 
strate 170. 

[01 36] For example, where an Si substrate is used as * 5 
the wiring substrate 1 70 and the hole-etching of the sub- 
strate 170 is performed with KOH, light can be taken 
even when the laser wavelength is in an absorption 
range of Si. When contours of a microlens array 1 72 and 
an optical fiber tape 1 73 are so shaped as to be accord- 20 
ant with the hole portion 1 71 of the wiring substrate 1 70, 
these members 172 and 173 can be readily mounted by 
inserting them into the hole portion 171 and fixing them 
using an adhesive. Ball lenses can also be mounted in 
this manner. Other structures of the eleventh embodi- 2s 
ment are the same as those of the ninth embodiment. 



Twelfth Embodiment 

[01 37] A twelfth embodiment of the present invention 
is directed to a configuration wherein a wiring substrate 
180 is provided with Fresnel lenses 181, as illustrated 
in Fig. 23. This embodiment does not include the plane 
microlenses which are formed by diffusion. Other struc- 
tures of the twelfth embodiment are the same as those 
of the eighth embodiment or the like. 
[0138] A fabrication method of the Fresnel lens 181 
can be performed by patterning using the self-alignment 
method while lasing VCSELs, similarly to the above-dis- 
cussed formation of the fiber gude groove. Although the 
efficiency of the Fresnel lens 1 81 is lower than the plane 
microlens, cost can be reduced because the fabrication 
is easier and the Si substrate can also be used. For ex- 
ample, where the thickness of the wiring substrate 180 
is 350 Mm, i.e., the distance between the lens 181 and 
the VCSEL is about 360 urn, a three-zone Fresnel lens 
with ring grooves having a diameter of about 100 urn 
and a depth of about 0.5 ^im will suffice to collect light, 
though the design should be slightly changed depend- 
ing on the wavelength of laser light. 
[01 39] Also in the eighth to twelfth embodiments, the 
8X8 two-dimensional VCSEL array is taken, but the 
number is not limited thereto. Even a single VCSEL can 
be adopted. Further, an array of end-facet emitting la- 
sers can also be adopted. In this case, a mirror or the 
like for changing the path of laser light to a direction per- 
pendicular to the substrate needs to be disposed near 
the end facet of the laser. 



[0140] Further, a surface-type light receiving device 
can be likewise fabricated and mounted, and thus a light 
transmitting and receiving unit with a laser array and a 
photodetector array formed on a common substrate can 
be provided. 

[0141] Furthermore, in the first to twelfth embodi- 
ments, electrodes corresponding to cathode and anode 
of the optical functional device such as the laser are re- 
spectively provided on top and bottom surfaces of the 
substrate of this device, but both electrodes can be pro- 
vided on a common surface of the substrate. In this 
case, a groove is etched down to a layer lying below the 
active layer, and the electrode having a polarity of this 
layer is drawn out to the common surface by forming an 
insulating layer on the side wall of the etched groove 
and providing a wiring electrode on the insulating layer. 
[0142] The VCSEL arrays described so far can be 
used, when used in spatial transmission, as a light 
source in inter-board optical interconnections, record- 
ings by optical writing (i.e., laser beam printers), CD- 
ROM systems, magnetooptical disc systems and the 
like. Further, the VCSEL arrays can also be used, when 
coupled to optical fibers, as a light source apparatus in 
large-capacity optical parallel transmissions. 

Thirteenth Embodiment 



[0143] Following embodiments are directed to config- 
urations which include both a surface emitting laser and 

30 a photodetector, respectively. 

[0144] A thirteenth embodiment of the present inven- 
tion is directed to a configuration which includes an 8x8 
two-dimensional VCSEL array on a laser substrate 221 
and an 8X8 two-dimensional photodetector array on a 

& wiring substrate 222 (also referred to, herein, as photo- 
detector substrate 222). The structure of the VCSEL is 
substantially the same as that of the first embodiment. 
In Fig. 24, portions designated by reference numerals 
201 to 205, 207 to 209 and 221 correspond to the por- 

40 tions designated by reference numerals 1 to 5, 7 to 9 
and 21 in Fig. 7. 

[0145] With respect to sizes of this embodiment, the 
radiation region 208 of the VCSEL has a diameter of 10 
*im, the interval between the light radiation region 208 

4S is 1 25 \vm, the area of a VCSEL array region 223 (see 
Fig. 25) is accordingly 875 ^m-square, and the area of 
the entire chip 221 is 3 mm-square. These sizes can be 
naturally changed freely. An electrode 206 of the VCSEL 
on the side of the epitaxial layer has a window with a 

so diameter of 5 urn at its center, so that laser light can be 
taken from the side of the epitaxial layer as well. Light 
also can be taken from the substrate side of the VCSEL. 
The GaAs substrate 201 is trasparent to laser light at a 
0.98-Mm band. 

ss [0146] On the other hand, an electrode pattern illus- 
trated in Fig. 26 is formed on a photodetector substrate 
(wiring substrate) 222 to which the VCSEL substrate 
221 is mounted. In the electrode pattern, an electrode 



12 



23 



EP 0 975 072 A2 



24 



pad (an innermost electrode pad) is arranged corre- 
sponding to the electrode pad 206 on the side of the 
VCSEL radiation region 208 and this electrode pad is 
drawn outside to an outer electrode pad 21 3. On the 
substrate 222, pin-type photodetectors 230 are arrayed 
corresponding to the VCSELs, as illustrated in Figs. 24 
and 26. An electrode 214 of the photodetector 230 is so 
wired as to be drawn to an outermost electrode pad ar- 
ray on the substrate 222. 

[0147] Those electrode patterns 213 and 214 are 
formed of Cu/Ni/Au by plating or the like. A solder 218 
is formed on the electrode pad 21 3 by plating or the like. 
The VCSEL substrate 221 and the photodetector sub- 
strate 222 can be readily connected electrically and me- 
chanically by aligning and heating them. 
[01 48] A spacing 225 formed by the connection of the 
electrodes 206 and 213 may be maintained as it is, or 
filled with resin or the like which either scatters laser light 
or absorbs very little of it. An antireflection coating may 
be provided on the photodetector substrate 222 to re- 
duce adverse influence of returning light to the VCSEL 
[0149] In this embodiment, the wiring pattern is of a 
type for independently driving the respective devices 
similarly to the first embodiment. However, this may be 
modified such that a matrix driving can be effected, as 
discussed above. 

[01 50J The photodetector illustrated in Fig. 24 has the 
structure of an ordinary pin-PD (pin-photodiode). More 
specifically, an n + -region 211 of a light receiving portion 
is formed on the p-(ji)-Si substrate 210. After an insulat- 
ing layer 212 of Si0 2 or the like is deposited, the ring- 
shaped electrode and its wiring pattern 21 4 are formed 
as illustrated in Figs. 24 and 26. An electrode contact 
with the n + -region 211 is performed by forming a 
through-hole 21 5 in the insulating layer 21 2 and burying 
the through-hole 215 with material the electrode 214. 
On the other hand, a p + -layer 21 6 is formed by an entire 
diffusion over the p-side surface of the substrate 210, a 
common p-side electrode 217 is entirely formed there- 
on. Where the laser power is too strong and the PD may 
be saturated, an absoptive material such as a thin metal 
film may be coated on the insulating layer 21 2 to reduce 
the power. As for reference numerals 219 and 220 in 
Fig. 24, they are bonding wires for the electrodes 207 
and 213, respectively. 

[0151] An actual mounting of the substrates 221 and 
222 is carried out as follows. The p-side electrode 217 
of the pin-PD is die-bonded to a package and connected 
to a ground common to the n-side electrode 207 of the 
laser substrate 221 . Here, the laser has a cathode-com- 
mon structure, the PD has an anode-common structure, 
and these are connected to the common ground. On the 
other hand, the anode of the laser is driven by a transis- 
tor through an LD controlling circuit, and an inverse volt- 
age is applied to the PD through a resistor. Thus, photo- 
current of the PD is detected according to the output of 
the VCSEL 

[0152] A schematic diagram of an APC circuit dis- 



cussed above is illustrated in Fig. 30. Laser light from a 
VCSEL 280 is detected by a PD 283. Its voltage change 
is compared with a reference voltage 285 by an opera- 
tional amplifier 286, and its result is fed back to a driving 
s transistor 281 of the VCSEL such that a negative feed- 
back can be performed by an LD current controlling cir- 
cuit 287. This circuit system is directed to a case where 
the VCSEL has the cathode-common structure (i.e., the 
n-substrate 201 is used) and the PD has the anode- 
10 common structure (i.e., the p-substrate 210 is used) as 
discussed above. Where respective polarities differ 
from the above, a circuit only needs to be constructed 
based on the above circuit system. In Fig. 30, reference 
numerals 282 and 284 denote resistors. 

is [0153] In such a construction, the VCSEL array and 
the PD for monitoring the laser light can be packaged in 
a compact integrated form. Further, this construction 
can be made more compact than an optical system in- 
tegrated by resin mold or the like, and the number of 

*o components can be further reduced. Its cost can be de- 
creased accordingly. Since there is no need to pick up 
a portion of the output of the VCSEL by using a beam 
splitter or the like, a takeout efficiency of the laser power 
can be improved. Furthermore, since there is no wire- 

2S bonding work and the like near the VCSEL, character- 
istics of the VCSEL wiil not be damaged or lowered. 

Fourteenth Embodiment 



30 [0154] A fourteenth embodiment of the present inven- 
tion is directed to a configuration wherein photodetec- 
tors are integrated on a face of the wiring substrate 222 
opposite to a face for receiving laser light of VCSEL, as 
illustrated in Fig. 27. In this structure, light from outside 
35 can also be received by the photodetector with high sen- 
sitivity 

[0155] In Fig. 27, the same funtional portions as those 
in Fig. 24 are designated by the same reference numer- 
als as those in Fig. 24. 
40 [0156] Laser substrate 221 and photodetector sub- 
strate (wiring substrate) 222 of the fourteenth embodi- 
ment are approximately the same as those of the thir- 
teenth embodiment. The fourteenth embodiment is dif- 
ferent from the thirteenth embodiment in that a window 
45 portion 243 is formed in the p-side electrode 21 7 of the 
photodetector such that light from the VCSEL can reach 
the photodetector and the wiring electrode 213 in con- 
tact with the VCSEL is formed after an insulating layer 
240 is deposited on the p-side electrode 21 7. Laser light 
50 can transmit through the Si substrate since the oscilla- 
tion wavelength of the VCSEL is 0.98 ujti in this embod- 
iment. 

[01 57] The installation is executed as follows: A wiring 
pattern is formed on a package 242 having a window in 
55 its light receiving region, similarly to the wiring pattern 
213 for the VCSEL in Fig. 26. The n-side electrode 214 
of the photodetector is bonded to this wiring pattern 
through a solder plating 241 . The p-side electrode 217 
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of the photodetector is electrically connected to the in- 
side electrode 207 of the VCSEL through a bonding wire 
244 as illustrated in Fig. 27. 

[01 58] The above structure can be controlled by using 
external light in the following manner, for example. Un- s 
der the APC condition, when external light enters the 
photodetector, the power of the VCSEL reaching the 
photodetector apparently rises for the photodetector. As 
a result, current injected into the VCSEL decreases and 
the output power of the VCSEL in turn decreases. Con- 10 
sequently, this VCSEL apparatus can act as an inverter 
for the external light input. Further, the external light can 
be incoherent light, laser light whose wavelength is dif- 
ferent from that of the VCSEL, or the like, provided that 
it can be received by the pin-PD. Therefore, this VCSEL is 
apparatus can also act as a pseudo-incoherent/coher- 
ent converter (VCSEL emits coherent light), or a wave- 
length converting device (VCSEL emits light at a wave- 
length different from that of light received by the PD). 

20 

Fifteenth Embodiment 



[0159] A fifteenth embodiment of the present inven- 
tion is directed to a configuration wherein a photodetec- 
tor of a Schottky-barrier type is used as a photodetector 
as illustrated in Figs. 28A and 28B. In this structure, a 
highly-sensitive, high-speed photodetector can be cre- 
ated by forming comb electrodes 258 and 259 on a sem- 
iconductor substrate as illustrated in Fig. 28B. This is an 
MSM (metal-semiconductor-metal)-PD. 
[0160] In Fig. 28A, the same functional portions as 
those in Fig. 24 are designated by the same reference 
numerals as those in Fig. 24. 

[0161] In this embodiment, an undoped GaAs buffer 
layer 251 (thickness: 0.5 ^im) is epitaxially grown on a 
semiinsulating GaAs substrate 250, and the insulating 
layer 212 of SiN, is deposited on the buffer layer 251 . 
After that, a window region is formed in the insulating 
layer 21 2 and the comb electrodes 258 and 259 are fab- 
ricated with 1 != 1 0 urn and 1 2=5 ^im as illustrated in Fig. 
28B. MSM-PDs 256 are arranged corresponding to lo- 
cations of VCSELs similarly to the thirteenth embodi- 
ment, and a p-diff used layer 252 is formed to separate 
the devices. 

[01 62] Further, a field effect transistor (FET) 257 of a 
Schottky-barrier type is also integrated on the same 
substrate 250. The FET 257 acts as a driving transistor 
for the VCSEL The wiring pattern 213 on the photode- 
tector substrate 250 also serves as a drain electrode of 
the FET 257. 

[01 63] On the other hand, electrodes 253 of the MSM- 
PD 256 are comprised of the two comb electrodes 258 
and 259 on the surface, and these are basically amphi- 
polar. Therefore, either of them can be a common elec- 
trode. In this embodiment, the p-substrate 201 of the 
VCSEL is used, Accordingly, the structure is an anode- 
common type, and the electrode corresponding to a 
common electrode of the MSM-PD 256 and the p-side 



electrode 207 of the VCSEL are connected to a common 
positive power source V^. The other electrode of the 
MSM-PD 256 is drawn outside the VCSEL substrate 
221 like the thirteenth embodiment and connected to a 
gate electrode 254 of the FET 257 through similarly-in- 
tegrated differential amplifier and LD controlling circuit 
(not shown in Fig. 28A). A source electrode 255 is con- 
nected to the above common ground through a resistor. 
[0164] According to this embodiment, a laser-array 
light source with integrated VCSEL, PD and APC circuit 
can be provided in a compact form and with excellent 
yield. A control system of this apparatus has a structure 
as illustrated in Fig. 31. The system of Fig. 31 differs 
from the system of Fig. 30 in that the n-side electrode 
of the VCSEL 280 can be directly connected to the drain 
D of the FET 257 (i.e., not through a resistor) and hence 
the integration can be advantageously achieved. Fur- 
ther, since a voltage of the source S can be adjusted by 
an automatic negative feedback using a resistor R, a 
current multiplication factor can be readily controlled 
and a stable driving control can be hence constructed. 

Sixteenth Embodiment 



25 [01 65] A sixteenth embodiment of the present inven- 
tion is directed to a configuration wherein an SOI (silicon 
on insulator or semiconductor on insulator) substrate is 
used as both a wiring substrate and an electronic-device 
substrate and laser light from VCSEL is detected by an 

30 MSM-PD like the fifteenth embodiment. 

[0166] As illustrated in Fig. 29, an MSM-PD array 264 
is formed on an SOI substrate in which Si0 2 261 and an 
undoped Si layer (thickness: 0.3 jim) are formed on an 
Si substrate 260, similarly to the fifteenth embodiment. 

3S Further, a p-diffused layer 263 for separation between 
devices is formed, and a bipolar transistor 270 is inte- 
grated as a driver for driving the VCSEL. In the bipolar 
transistor 270, the collector electrode 213 is formed in 
the SI layer 262 on an n-diff used layer 265, a base elec- 

40 trode 269 is formed on a p-diffused layer 267, and an 
emitter electrode 268 is formed on an n-diffused layer 
266. 

[0167] In this embodiment, a wiring method is the 
same as that of the fifteenth embodiment since a p-type 

45 substrate 271 is used like the fifteenth embodiment. A 
driving method of the APC is also the same as that of 
the fifteenth embodiment (see a circuit of Fig. 31 in 
which the FET is replaced by the bipolar transistor 270). 
[0168] In this embodiment, the GaAs substrate 271 is 

50 absorptive to laser light since an AIGaAs/GaAs active 
layer (its bandgap wavelength: 0.77 ^m) is epitaxially 
grown on the GaAs substrate 271 . Therefore, a portion 
of the GaAs substrate 271 down to the first layer of the 
DBR mirror 202 is removed as illustrated in Fig. 29 to 

55 form a window region 272. Further, a portion of the Si 
substrate 260 down to the SiO^ 261 is etched to form a 
window 273, so that external light can be received. Re- 
garding a use method of the external light, the VCSEL 
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can be driven in an inverter manner like the fourteenth 
embodiment. 

[0169] Further, such a system is possible in which 
when external light is received in a time sharing method, 
the VCSEL is caused to act as a light receiving device s 
with its oscillation ceased and the VCSEL is oscillated 
when not receiving the light. In such a system, the inter- 
board optical connection can be performed, or optical 
information transmission can be performed by coupling 
the oscillated light to an optical fiber. In cases like the 10 
fourteenth embodiment or this embodiment, the photo- 
detector is not necessarily disposed at a place corre- 
sponding to the light emitting device since the photode- 
tector may receive the external light only. 
[0170] In the thirteenth to sixteenth embodiments, ex- is 
amples of InGaAs/GaAs series or AIGaAs/GaAs series 
on the GaAs substrate are described, but other materi- 
als, such as GaN series of blue radiation and GalnNAs 
of a long-wavelength material on a GaAs substrate, can 
also be used. Further, in the thirteenth to sixteenth em- 20 
bodiments, 8x8 two-dimensional VCSEL arrays are de- 
scribed, but the number is not limited thereto. One VC- 
SEL or surface emitting device can also be used. 



Seventeenth Embodiment 
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[0171] A seventeenth embodiment of the present in- 
vention is directed to a laser beam printer in which the 
above-discussed VCSEL array is used. Fig. 32 illus- 
trates its schematic structure. 30 
[01 72] When a VCSEL array 290 with a photodetector 
of the present invention is used as a light source (VC- 
SELs of the array 290 are arranged in an extending di- 
rection of a rotary axia of a polygonal mirror 291 , i.e., a 
direction perpendicular to a drawing sheet or an auxil- 35 
iary scanning direction), a plurality of optical writings in 
a band form can be carried out on a photosensitive drum 
293 during a single scan as illustrated in Fig. 32. Printing 
can be thus achieved at a very high speed. The pitch 
between beams on the photosensitive drum 293 can be 40 
set to a desired amount by a lens system 292. For ex- 
ample, a pitch of 20 \wr\ on the photosensitive drum 293 
can be obtained by using the VCSEL array with a pitch 
of 125 >im between VCSELs. A one-dimensional array 
of eight VCSELs or the like can be more readily used 4S 
than the above-discussed two-dimensional array. In this 
embodiment, the VCSEL of a 0.77-^im band like the six- 
teenth embodiment is used. 

[0173] In the arrayed VCSELs of the thirteenth to six- 
teenth embodiments, each VCSEL can be automatically so 
power-controlled as discussed above. Correction per 
each scan, however, needs to be carried out by receiv- 
ing scanning light by a photodetector 294 disposed near 
the drum 293 to reduce a variation of light amount due 
to the optical system. Here, the power of each VCSEL ss 
may be monitored. However, it is easier to receive the 
total power of the arrayed VCSELs by a single photode- 
tector 294 and feed back this result to the sum of LD 



currents through an LD controlling circuit 295. 
[0174] Though there is a limit to the number of revo- 
lutions of the polygonal mirror 291. a high-speed laser 
beam printer can be readily achieved by using the above 
VCSEL array. Further, where an array of end-facet emit- 
ting lasers is used, a large amount of injection current 
is needed and hence power requirements increase. In 
contrast, when the VCSEL array of this invention is em- 
ployed, power requirements can be reduced drastically 
(by more than one digit). The reason therefor is that the 
VCSEL can be driven with about 1 0 mA while the driving 
current for the end-facet emitting laser is about 50 mA. 
[0175] The apparatus of this invention can be likewise 
used as a light source in inter-board optical interconnec- 
tions, CD-ROM systems, magnetoopticai disc systems 
and the like. When light is coupled to the optical fiber for 
light transmission, this apparatus of this invention can 
also be used as a light source in large-capacity optical 
parallel transmissions. 

[01 7S] Except as otherwise disclosed herein, the var- 
ious components shown in outline or block form in any 
of Figures 1 -32 are individually well known in the optical 
semiconductor device, electronic circuit devices, iC 
techniques and optical printing sytems and their internal 
construction and operation are not described herein. 
[0177] While the present invention has been de- 
scribed with respect to what are presently considered to 
be the preferred embodiments, it is to be understood 
that the invention is not limited to the disclosed embod- 
iments. The present invention is intended to cover var- 
ious modifications and equivalent arrangements includ- 
ed within the spirit and scope of the appended claims. 
[01 78] An apparatus with an optical f unctbnal device 
includes a first substrate (1, 51, 201, 271 ), a first optical 
functional device with a functional portion (8, 208 ) pro- 
vided on the first substrate, a first wiring electrode (6, 
1 06, 206) for injecting a cu rrent into or applying a voltage 
to the functional portion of the first optical functional de- 
vice, a second substrate (10, 71, 110, 160, 170, 180, 
210, 250, 260), and a second wiring electrode (12, 68, 
72, 81, 112, 21 3). The first wiring electrode (6, 1 06, 206) 
is formed on the first substrate (1, 51, 201, 271) and 
includes a first portion electrically connected to the func- 
tional portion (8, 208 ), a first extension portion extend- 
ing from the first portion to an outside of the functional 
portion and a first pad portion connected to the exten- 
sion portion outside the functional portion, and the sec- 
ond wiring electrode (12, 68, 72, 81, 112, 213) is formed 
on the second substrate (10, 71, 110, 160, 170, 180, 
210, 250, 260) and includes a second pad portion and 
a second extension portion extending from the second 
pad portion. The first substrate and the second sub- 
strate are bonded to each other with the first pad portion 
and the second pad portion being electrically connected 
to each other. 
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Claims 

1 . An apparatus with an optical functional device com- 
prising: 

a first substrate; 

a first optical functional device provided on said 
first substrate, said first optical functional de- 
vice including a functional portion; 
a first wiring electrode for injecting a current into 
or applying a voltage to said functional portion 
of said first optical functional device, said first 
wiring electrode being formed on said first sub- 
strate and including a first portion electrically 
connected to said functional portion, a first ex- 
tension portion extending from said first portion 
to an outside of said functional portion and a 
first pad portion connected to said extension 
portion outside said functional portion; 
a second substrate; and 
a second wiring electrode, said second wiring 
electrode being formed on said second sub- 
strate and including a second pad portion and 
a second extension portion extending from said 
second pad portion, said first substrate and 
said second substrate being bonded to each 
other with said first pad portion and said second 
pad portion being electrically connected to 
each other. 

2. An apparatus with an optical functional device ac- 
cording to claim 1 , wherein at least one of input light 
and output light travels into and from said first opti- 
cal functional device on a side of said first substrate. 

3. An apparatus with an optical functional device ac- 
cording to claim 2, wherein a portion of said first 
substrate corresponding to said functional portion 
of said first optical functional device is removed to 
form a window region. 

4. An apparatus with an optical functional device ac- 
cording to claim 2, wherein said first substrate is 
formed of material transparent to light which is treat- 
ed by said first optical functional device. 

5. An apparatus with an optical functional device ac- 
cording to any one of claims 1 to 4, wherein at least 
one of input light and output light travels into and 
from said first optical functional device on a side of 
said second substrate. 

6. An apparatus with an optical functional device ac- 
cording to claim 5, wherein said second substrate 
is formed of material transparent to light which is 
treated by said first optical functional device. 

7. An apparatus with an optical functional device ae- 
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cording to claim 5 or 6, further comprising guide 
means for guiding the at least one of input light and 
output light into and from said first optical functional 
device, and wherein said guide means is provided 
at a portion of said second substrate corresponding 
to a location of said first optical functional device. 

8. An apparatus with an optical functional device ac- 
cording to claim 7, wherein said guide means com- 
prises a microlens formed in said second substrate. 

9. An apparatus with an optical functional device ac- 
cording to claim 7, wherein said guide means com- 
prises a Fresnel lens formed in said second sub- 
strate. 



10. An apparatus with an optical functional device ac- 
cording to claim 7, 8 or 9, wherein said guide means 
comprises an optical fiber fixed to said second sub- 

20 strate. 

11. An apparatus with an optical functional device ac- 
cording to claim 10, wherein a hole is formed in said 
second substrate, and said optical fiber is fixed in 

25 said hole. 

12. An apparatus with an optical functional device ac- 
cording to claim 7, 8 or 9, further comprising a third 
substrate with a hole bonded to said second sub- 

30 strate, and wherein said guide means comprises an 
optical fiber fixed in said hole. 

13. An apparatus with an optical functional device ac- 
cording to any one of claims 1 to 12, wherein said 

35 first optical functional device comprises a surface 
emitting light-radiating device for emitting light per- 
pendicular to said first substrate. 

14. An apparatus with an optical functional device ac- 
40 cording to claim 1 3, wherein said first optical func- 
tional device comprises a vertical cavity surface 
emitting laser (VCSEL) with an active layer sand- 
wiched between a pair of reflective mirrors. 

& 15. An apparatus with an optical functional device ac- 
cording to any one of claims 1 to 12, wherein said 
first optical functional device comprises a photode- 
tector for converting received light to an electric sig- 
nal. 

so 

16. An apparatus with an optical functional device ac- 
cording to any one of claims 1 to 15, further com- 
prising a photodetector provided on said second 
substrate, and wherein said first optical functional 
55 device comprises a surface emitting light-radiating 
device for emitting light perpendicular to said first 
substrate. 
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17. An apparatus with an optical functional device ac- 
cording to claim 16, wherein said photodetector is 
positioned oppositely to said surface emitting light- 
radiating device to receive light from said surface 
emitting light-radiating device. 

18. An apparatus with an optical functional device ac- 
cording to claim 16 or 17, wherein said photodetec- 
tor is positioned oppositely to said surface emitting 
light-radiating device to receive both external light 
and light from said surface emitting light-radiating 
device. 

19. An apparatus with an optical functional device ac- 
cording to claim 16, 17 or 18, wherein said photo- 
detector is positioned on a face of said second sub- 
strate opposite to a face of said second substrate 
bonded to said first substrate to receive the external 
light. 

20. An apparatus with an optical functional device ac- 
cording to claim 16, 17 or 18, wherein said photo- 
detector is positioned on a portion of said second 
substrate, at which material of said second sub- 
strate is removed to form a window region, to re- 
ceive the external light. 

21. An apparatus with an optical functional device ac- 
cording to any one of claims 16 to 20, wherein said 
second pad portion of said second wiring electrode 
is formed outside said photodetector. 

22. An apparatus with an optical functional device ac- 
cording to any one of claims 1 6 to 21 , further com- 
prising a third wiring electrode formed on said sec- 
ond substrate for said photodetector, said third wir- 
ing electrode including a third portion electrically 
connected to said photodetector, a third extension 
portion extending from said third portion to an out- 
side of said photodetector and a third pad portion 
connected to said third extension portion outside 
said photodetector. 

23. An apparatus with an optical functional device ac- 
cording to any one of claims 16 to 22, wherein said 
photodetector comprises a pin-photodiode, an elec- 
trode of said pin-photodiode being said third wiring 
electrode and another electrode of said pin-photo- 
diode being formed on an entire face of said second 
substrate opposite to a face of said second sub- 
strate on which said photodetector is provided. 

24. An apparatus with an optical functional device ac- 
cording to any one of claims 16 to 22, wherein said 
photodetector comprises a metal-semiconductor- 
metal (MSM)-photodiode, an electrode of said 
MSM-photodiode being said third wiring electrode 
and another electrode of said MSM-photodiode be- 



ing a fourth wiring electrode drawn from said MSM- 
photodiode to an outside of said MSM-photodiode. 

25. An apparatus with an optical functional device ac- 
s cording to any one of claims 16 to 24, wherein a 

plurality of arrayed photodetectors are provided on 
said second substrate corresponding to a plurality 
of said first optical functional devices provided on 
said first substrate. 

10 

26. An apparatus with an optical functional device ac- 
cording to any one of claims 16 to 25, wherein said 
photodetector receives light from said surface emit- 
ting light-radiating device and feedback controls 

is said surface emitting light-radiating device based 
on the received light such that a light output of said 
surface emitting light-radiating device is stabilized. 

27. An apparatus with an optical functional device ac- 
20 cording to any one of claims 1 6 to 25, wherein said 

photodetector receives both external light and light 
from said surface emitting light-radiating device and 
feedback controls said surface emitting light-radiat- 
ing device based on the received light such that a 
25 light output of said surface emitting light-radiating 
device is stabilized and said surface emitting light- 
radiating device can act as an optical inverter. 

28. An apparatus with an optical functional device ac- 
30 cording to any one of claims 1 to 27, wherein said 

first pad portion and said second pad portion are 
bonded with solder. 

29. An apparatus with an optical functional device ac- 
35 cording to any one of claims 1 to 27, wherein said 

first pad portion and said second pad portion are 
bonded with anisotropic electrically-conductive ad- 
hesive or electrically-conductive adhesive. 

40 30. An apparatus with an optical functional device ac- 
cording to any one of claims 1 to 27, wherein said 
first pad portion and said second pad portion are 
bonded by pressing said first and second pad por- 
tions against each other. 

45 

31. An apparatus with an optical functional device ac- 
cording to any one of claims 1 to 30, further com- 
prising a metal bump for radiating heat generated 
by said functional portion of said first optical func- 
50 tional device to said second substrate, said metal 
bump being placed between said functional portion 
and said second substrate and said metal bump be- 
ing electrically independent. 

55 32. An apparatus with an optical functional device ac- 
cording to any one of claims 1 to 31, further com- 
prising resin packed in a space created between 
said functional portion of said first optical functional 
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device and said second substrate. 

33. An apparatus with an optical functional device ac- 
cording to any one of claims 1 to 32, wherein said 
second substrate with said second wiring electrode 
is mounted to a package or a print-circuit board di- 
rectly or through another substrate with a wiring 
electrode. 

34. An apparatus with an optical functional device ac- 
cording to any one of claims 1 to 33, further com- 
prising a package, said package acting as a heat 
sink and said first substrate being entirely bonded 
to an inner surface of said package. 

35. An apparatus with an optical functional device ac- 
cording to any one of claims 1 to 34, wherein said 
second substrate comprises a substrate of a semi- 
conductor single crystal, and said second substrate 
includes an electronic functional device, a driver for 
the electronic functional device and a controller for 
the electronic functional device integrated on said 
second substrate. 

36. An apparatus with an optical functional device ac- 
cording to any one of claims 1 to 35, wherein said 
first substrate includes a groove structure for pre- 
venting a short circuit through an end facet of said 
first substrate, said groove structure being formed 
around said functional portion of said first optical 
functional device. 

37. An apparatus with an optical functional device ac- 
cording to any one of claims 1 to 36, wherein a plu- 
rality of arrayed first optical functional devices are 
provided in an integrated form on said first sub- 
strate, and said plurality of first pad portions respec- 
tively connected to said plurality of arrayed first op- 
tical functional devices are respectively extended 
from said plurality of first portions to a region outside 
of said first optical functional devices. 

38. An apparatus with an optical functional device ac- 
cording to claim 37, wherein a groove for preventing 
optical, electric and thermal interference between 
said plurality of first optical functional devices is 
formed between said plurality of first optical func- 
tional devices. 

39. An apparatus with an optical functional device ac- 
cording to claim 37, wherein said first wiring elec- 
trode is formed for each first optical functional de- 
vice such that each first optical functional device 
can be independently driven. 

40. An apparatus with an optical functional device ac- 
cording to claim 37, wherein said first wiring elec- 
trode is formed such that said first optical functional 



devices can be driven in a matrix manner. 
41. A substrate structure comprising: 
a substrate; 

an optical functional device provided on said 
substrate, said optical functional device includ- 
ing a functional portion; and 
a wiring electrode for injecting a current in or 
applying a voltage to said functional portion of 
said optical functional device, said wiring elec- 
trode being formed on said substrate and in- 
cluding a portion electrically connected to said 
functional portion, an extension portion extend- 
ing from said portion to an outside of said func- 
tional portion and a pad portion connected to 
said extension portion outside said functional 
portion. 



20 42. A substrate structure comprising: 



a substrate; and 

a wiring electrode, said wiring electrode being 
formed on said substrate and including a pad 
portion and an extension portion extending 
from said pad portion. 
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43. A substrate structure according to claim 42, further 
comprising an optical functional device and another 
wiring electrode formed on said substrate for said 
optical functional device, said another wiring elec- 
trode including another portion electrically connect- 
ed to said optical functional device, another exten- 
sion portion extending from said another portion to 
an outside of said optical functional device and an- 
other pad portion connected to said another exten- 
sion portion outside said optical functional device, 
and wherein said pad portion of said wiring elec- 
trode is formed outside said optical functional de- 
vice. 

44. A fabrication method of an apparatus with an optical 
functional device recited in any one of claims 16 to 
40, said method comprising the steps of: 

forming the surface emitting light-radiating de- 
vice and the first wiring electrode on the first 
substrate; 

forming the second wiring electrode on the sec- 
ond substrate; 

bonding the first substrate and the second sub- 
strate to each other; 

injecting current into the surface emitting light- 
radiating device to oscillate the surface emitting 
light-radiating device; 

aligning a photomask with one of the second 
substrate and the third substrate bonded to the 
second substrate using the oscillated light as 
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an alignment mark; 

performing a patterning on one of the second 
substrate and the third substrate using the pho- 
tomask to form a pattern on one of the second 
substrate and the third substrate; and 5 
etching the hole in one of the second substrate 
and the third substrate using the pattern. 

45. An optical recording apparatus comprising: 

w 

an apparatus with an optical functional device 
recited in any one of claims 16 to 40; and 
means for projecting signal-carrying light from 
said apparatus with an optical functional device 
on a recording medium. is 

46. An optical transceiver apparatus comprising: 

an optical transmitter; and 
an optical receiver; 20 
wherein said optical transmitter comprises an 
apparatus with an optical functional device re- 
cited in any one of claims 16 to 40. 

47. An optical transceiver apparatus according to claim 2s 
46, wherein said apparatus with an optical function- 
al device further includes a photodetector provided 

on said second substrate. 

48. An optical transceiver apparatus according to claim 30 
46 or 47, wherein said apparatus with an optical 
functional device acts as both said optical transmit- 
ter and said optical receiver. 

49. An optical transceiver apparatus according to claim 35 
46, 47 or 48, wherein said optical transceiver appa- 
ratus performs an inter-board parallel transmission 
and a signal processing and is constructed as an 
optical interconnection apparatus. 

40 
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